tively and qualitatively from the C02 requirement of other heterotrophic organisms. In some microorganisms, C02 can be replaced by certain tricarboxylic acids (Lwoff and Monod, 1946; Ajl and Werkman, 1948) , amino acids (Lyman et al., 1947; Abelson et al., 1952a, b; McLean and Purdie, 1952) , or purines and pyrimidines (Tuttle and Scherp, 1952; Griffin and Racker, 1956 ). However, attempts to replace the requirement for C02 of B. abortus strains with carboxylic acids, amino acids, purines and pyrimidines, cellular hydrolyzates, and culture filtrates have been unsuccessful (Gerhardt and Wilson, 1950; Ruwet, 1951) .
In the investigation of the biochemical basis for the C02 requirement of B. abortus strains, Marr and Wilson (1951) have used C1402. They studied the incorporation of C1402 into the amino acids of B. abortus strain 6232, a strain which requires an increased pC02 in air for growth, and found that the major product of C1402 fixation in this strain was glycine. C1402 was fixed, in lesser amounts, into aspartic acid, glutamic acid, alanine, and threonine. C'"02 fixation into the nucleic acids of B. abortus strain 6232 occurs only in the pyrimidines; fixation of C402 into purines seems to be quantitatively insignificant . When given a choice of pyrimidine precursors, strain 6232 preferred to synthesize pyrimidines from C02 Five strains of Brucella abortus were used in these experiments. The moderately virulent strain 6232 NS and the highly virulent strain 6232S' Mika require an increased pC02 in air for growth (C02-dependent strains). The highly virulent strains 6232C PA and 2308 and the essentially avirulent strain 11 are mutant strains which grow in air alone (C02-independent strains). The 50 per cent infectious doses of the five B. abortus strains have been reported previously (Tepper and Wilson, 1958) . The cultures were grown on Albimi brucella agar slants at 37 C.
The C02-dependent strains were incubated in an atmosphere of 10 per cent C02 in air and the C02-independent strains were incubated in air under comparable conditions. Cells were harvested at 17 to 19 hr, washed, and resuspended in Albimi brucella broth and used in equivalent concentration as measured turbidimetrically. The suspensions which were used contained 200 to 300 ,ug bacterial nitrogen per ml. These cell suspensions have been found to resemble resting cell suspensions or possibly cultures in the lag phase of growth. No significant increases in cell numbers could be detected after the incubation of these heavy cell suspensions under conditions identical to those used for exposures to C1'02.
The B. abortus cells were exposed to 0.1 atm temperature at 34 C. At the end of an exposure the cells were recovered by centrifugation and washed with distilled water. The cells were chemically fractionated by the modification of the method of Schneider (1945) used by Roberts et al. (1955) . By this procedure, the cells were fractionated into a cold trichloracetic acid (TCA)-soluble fraction (metabolic intermediates), alcohol-and alcohol-ether soluble fractions (lipides, phospholipides, and possibly ethanolsoluble protein), a hot TCA-soluble fraction (nucleic acids) and residual protein. In these experiments the alcohol-soluble and alcoholether-soluble fractions were pooled. These fractions were diluted and assayed for total radioactivity.
The cellular protein was hydrolyzed with 6 N HCl in sealed pyrex test tubes at 121 C for 3 hr. The hydrolyzates were filtered to remove the humin and taken to dryness in vacuo repeatedly to remove the HCl. The residue was dissolved in 25 ml of water and aliquots were used for nitrogen analyses and ion-exchange chromatography. The amino acids of the protein hydrolyzate were separated chromatographically on 2.5 by 55 cm columns of Dowex 50 by the method of Wall (1953) . The photometric ninhydrin method of Moore and Stein (1948) (1944) . The resultant urea was treated with urease liberating CO2 which, after acidification, was distilled into cold alkali and precipitated with BaCl2. Products of the degradation were assayed for radioactivity as BaCO3.
All radioactivity measurements were made with a flowing gas Geiger counter. Samples in dilute solution were counted at infinite thinness. C'402 was collected as BaCI403, washed several times in absolute methanol, and plated as a slurry in cupped planchets. The appropriate correction for self-absorption was made for the thick BaCI403 samples.
RESULTS
Fixation of C'402 into amino acids. A comparison was made of the C'402 assimilated into the amino acids of the moderately virulent, C02-dependent strain 6232 NS and the avirulent, C02-independent strain 11. Cells of both strains of B. abortus were exposed to C'402 for 3 hr after which the amino acids of the cells were isolated and assayed for radioactivity. The data in table 1 show a general similarity in the specific activities of the amino acids of the two physiologically different strains. The major portion of the C'402 fixed into the amino acids of both strains was found in glycine. The total C14 incorporated into the amino acids was determined and the data are presented relative to the total C14 activity of glycine ( Marr and Wilson (1951) . However, with the ion-exchange technique for the separation of amino acids, additional amino acids were found to contain C14 activity. Among these, arginine was found to have a high specific activity which was second only to that of glycine. Degradation of the arginine isolated from the B. abortus protein showed that 74 per cent of the total activity was in the guanidine carbon. This observation suggests that the ornithine cycle is operative in B. abortus cells.
Distribution of C402 among chemical fractions of cells. In the first series of experiments, cells of the five B. abortus strains were exposed to C1402 for 3 hr and then the C'4 content of chemical fractions of the cells was determined. Table 2 shows that there is no real difference in the distribution of the C"'02 assimilated by the C02-dependent and C02-independent B. abortus strains. The protein fractions of the five strains of B. abortus were analyzed further. The most active amino acid in the protein hydrolyzates was determined. In all the hydrolyzates tested, including those of cells exposed to C1402 for 5 min, glycine was found to contain the major portion of the C14 activity.
DISCUSSION
In a variety of microorganisms and animal and plant tissues the major products of C1402 fixation into amino acids have been found to be arginine, aspartic acid, and glutamic acid. Data have been presented here, confirming the results of Marr and Wilson (1951) , that B. abortus also fixes C'"02 into aspartic and glutamic acids. In addition, we have presented data here to show that C'402 is incorporated into arginine in greater 26 [VOL. 76 on July 8, 2017 by guest http://jb.asm.org/ Downloaded from amounts than in aspartic or glutamic acids. It seems, therefore, that, with the exception of the large amount of C0402 fixed into glycine, the fixation of C02 into the amino acids of B. abortus strains is similar to that demonstrated in other biological systems.
The major difference between C'402 fixation by B. abortus and other microorganisms appears to be the preponderance of the C'402 which is incorporated into glycine. This reaction in B. abortus is strongly dependent on a high pC'402. Marr (1952) has shown that at a pC'402 of 0.005 atm much less C0402 is incorporated into glycine in comparison with other amino acids. In the experiments presented in this paper exposures to 0.1 atm C1402 were used. In experiments of this type over 90 per cent of the activity in the glycine molecule is recovered in the carboxyl carbon (Marr and Wilson, 1951) . In comparable experiments, Clostridium cylirndrosporum (Barker and Elsden, 1947) and C. kluyveri (Tomlinson, 1954) Marr (1952) suggested that this reaction might represent the initial step in the formation of an active one carbon unit from glycine. The second mechanism for the incorporation of C1402 into glycine was proposed by Wiame and Bourgeois (1955) . They suggest that the enzyme isocitritase, demonstrated in Pseudomonas aeruginosa, which splits isocitrate into succinate and glyoxalate (Campbell et al., 1953; Smith and Gunsalus, 1954) exists in B. abortus. C'402 incorporated into tricarboxylic acid cycle intermediates could then be found in glycine via the splitting of isocitrate and the subsequent amination of the resultant glyoxalate. The complete tricarboxylic acid cycle is not required to make glycine by these reactions (Saz and Hillary, 1956 ). In the fixation of C'402, the predominant labeling in isocitrate would be in the carboxyl groups. The splitting of this labeled isocitrate would give glyoxalate and subsequently glycine predominantly labeled in the carboxyl group. The specific labeling of the carboxyl group of glycine by B. abortus would then support this isocitritase hypothesis.
The incorporation of large amounts of C02 into glycine by B. abortus does not appear to be a reflection of the C02 requirement or the virulence of the organism. Glycine will not substitute for C02 for the growth of C02-dependent strains of B. abortus (Ruwet, 1951; Marr, 1952) . No differences were found in the incorporation of C02 or glycine in the nucleic acids of a C02-dependent and a C02-independent strain of B.
abortus . In the present study, data have been presented which show that glycine contains the major portion of the C'402 fixed by five strains of B. abortus which differ in virulence for guinea pigs as well as in their requirement for an increased PCO2 for growth. The fixation of large amounts of C02 into glycine appears to be a peculiarity of all B. abortus strains.
Evidence has also been presented to show that the total incorporation of C'402 and the distribution of the C'4 in chemical fractions of COr dependent and C02-independent B. abortus strains are similar. These findings suggest that the assimilation of C02 by these strains occurs via the same enzymatic pathway and that this pathway involves constitutive enzymes in both C02-dependent and C02-independent strains. ACKNOWLEDGMENT We wish to express our appreciation to Dr. A. G. Marr of the University of California, Davis, for valuable suggestions in the preparation of the manuscript.
SUMMARY
The assimilation of C'402 by five strains of Brucella abortus differing in their requirement for an increased PCO2 in air for growth and also in their virulence was investigated. No differences could be found in the distribution of C'4 fixed into the amino acids of a virulent C02-dependent strain and an avirulent, C02-independent strain of B. abortus. The total incorporation of C1402 by the five physiologically different strains of B. abortus was found to be approximately the same.
The percentage distribution of the C14 in chemical fractions of the B. abortus cells was similar for all strains tested. In all strains the major portion of the C14 fixed into cellular protein was found in glycine. The data indicate that the ability of B. abortus cells to fix C02 cannot be correlated with either the virulence of the organism or its requirement for an increased PCO2 for growth.
